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Abstract
The objective of the proposed project is to convert the current heating ventilating and air
conditioning system, or HVAC system, on the plug in hybrid Toyota Prius into a completely
electric system. As the vehicle is now, the gas engine is required to provide heat loss for the
forced air heating system on extremely cold days. The data, which has been gathered over
several years, shows a drop in MPG equivalence from approximately 100-120 MPG on ideal
days (70o F) to about 50 MPG equivalence on cooler days. This problem can be solved by
increasing the effectiveness of the HVAC system as well as including preheating components to
keep the engine and cabin from reaching low temperatures. Once the given data was completely
analyzed the most effective solution was and will be implemented and experimental testing will
be performed in order to determine the final effects on the system.
A final solution for the proposed problem had to provide a more effective HVAC system
which does not require the gas engine for heating alone. By accomplishing this, the design team
hopes to increase the MPG equivalence of the hybrid Toyota Prius during the cooler days of the
year. As a side effect, this increase in heating capacity will also provide better comfort for the
passengers in the car. Using the experimental testing data gathered as well as computational
data, the design team can determine and show that the proposed solution for the problem does in
fact improve MPG equivalence.
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Introduction
Background
There are many variables that can affect the miles per gallon that a car gets. In hybrid
cars, one of the significant variables is the presence of a gas engine in the car. The purpose of
the gas engine in the car is to help the car go further on long trips and to provide heat loss on
cold days. However, as stated previously, the gas engine causes the miles per gallon equivalency
to drop. This mainly happens in the winter when it is cold enough to need extra heat in the
cabin. In order to compensate and provide extra heat, the gas engine will start up mainly when
maximum heat is requested. As a result, a significant decrease in miles per gallon equivalency is
seen. This information is known due to a data acquisition system that was installed by a previous
design team. As a result, a lot of data has accumulated over the several years. This data was
used for primary analysis and to determine the design effectiveness. The main problem posed in
this project is to optimize the HVAC system in the Toyota Prius converted to a plug in (A123
Hymotion L5). Hybrid cars are meant to provide very high MPG equivalence; therefore a
decrease in this equivalence is a problem in the design of the vehicle.

Benchmarking
Common PHEV Problem
As the internal combustion engine is used more frequently, there is a decrease in the
MPG equivalence of the vehicle during the winter. This affect is seen in more than just a Prius
model. The optimization of the HVAC system is a problem in many PHEV existing models.
Some examples of other vehicles which experience this same problem are; the Toyota Prius,
Chevy Volt, and Nissan Leaf which are explored below.

Toyota Prius HVAC System
The HVAC system is not completely efficient or electric. The gas engine is required to
turn on during cold days in order to provide heat loss for the forced air heating system. This
vehicle was used in the project design.

Chevy Volt HVAC System
The HVAC system includes four independent cooling system loops. One loop is
dedicated to the cooling of the battery as well as passenger during warmer days and another loop
is dedicated to cooling the gas engine which when required also doubles as a heating system for
the passengers. Shown in a schematic of the HVAC system is an AC system which is electric
but just like the Prius, the gas engine is still needed in order to heat the passenger at times.
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Nissan Leaf HVAC System
This is another comparable vehicle for the heating system. It is a completely electric car;
however, there are still problems with keeping the batteries as well as passengers warm on cold
days. Not much specific information on the heating system was available so therefore, a more
detailed benchmark cannot be performed. However, it is very clear that the Nisan Leaf the same
type of heating problems.

Customer Requirements
Specifications for the proposed project include, cost, size, and efficiency. The design
team has been given a funded project by North American DENSO Foundation, any solution
ideas and testing must remain within this fund. After the cost, the design team must also
consider the size of the proposed solution. Any solution ideas must be able to fit in the car and
be able to be implemented into existing models. The efficiency of the solution must also be
considered. The design proposed must increase the MPG equivalency otherwise a different
solution must be found.

Preliminary Calculations for Heat Requirements
To determine what systems should be used, the heat capacity of the system can be
determined to help narrow the options available. Since the internal combustion engine is only
used when maximum heat is required, the total heat transfer can be calculated using basic
information about the vehicle. The total cargo volume that will be heated is approximately 120
ft3 or 11.1483 m3. The density of air, 1.177Kg/m3 (Janna, 614), was used to determine the mass
of the air within the cabin. The temperature to which the air was heated will be room temperature
or 70oF (21oC). The temperature that the car was heated from was approximately 0oF or -18oC at
the coldest of winter. The addition of the specific heat, 1.0057 KJ/Kg-K (Janna, 614) of air was
then added to this information to determine the total heat transfer needed to heat the cabin of the
vehicle to room temperature. These calculations are detailed below.

The power required to produce this heat transfer can be calculated by determining the
time needed to heat the vehicle. This is determined by the need of the customer. This value can
change depending on the customer and their location. The time for preheating to reach the
11

customer will be somewhere between one and five minutes. Using this information the power
required for the proposed heating system is shown below. The varying times are then used to
compute the power required for the heaters to heat the cargo space of the car. The results are
shown in Table 1.

Table 1 - Power Requirements According to Heating Times

Time (min)
1
2
3
4
5

Time (sec)
60
120
180
240
300

Power (KW)
9.233
4.617
3.078
2.308
1.847

The values given above are actually smaller than required. Most of this comes from the
cool air that remains at the same temperature outside of the vehicle. Most of the interior is
insulated from the outside except for the windows. The windows are not insulated and have a
high heat transfer coefficient compared to other surfaces within the vehicle. The windows will
stay near the ambient temperature of the air outside of the vehicle, that is, where there is indirect
heating. This will cause a higher heat transfer to be required since the outside temperature will
always remain the same. This, as well as, uneven heating and any possible air leaking that can
accumulate in older vehicles will increase the required power needed to heat the system. These
effects were determined by the mathematical and simulation analysis.

Figure 1 - Prius Window Schematic

When taking all of this into account the heat output becomes more complicated. At this
point it is important to use mathematical and or simulation models to fully capture the
complexity of the problem.
12

Current System
The current heating system in the Generation Two Prius consists of two separate systems,
a coolant side and an air side. Seen below in Figure 2 is a diagram of the current coolant side of
the heating system. As can be seen, the current coolant system contains the following items; the
heater core, two circulation pumps, the heater tank for coolant, and the radiator. However, in
order to completely analyze the heating system, the design team also had to take into account the
current air side of the heating system. The components that will be used in the air side of the
system are; the cabin fan, the heater core, and the quick heating assembly, which acts as a
booster heater in the air ducts heating system. Each component will be discussed in detail later.

Engine
Heater
Tank
Heater
Core

Radiator
Pump

T.B.
Pump

Figure 2 - Current Coolant System

Heater Core
The main purpose of the heater core is to help cool the coolant and to heat the air coming
into the cabin of the car. Seen below is the 3-D model of the heater core that is in the current
heating system of the Generation Two Prius. The two thin brown strips represent the variable
electric resistance heating filaments that are on the heater core, see Figure 3. Due to the heating
filaments on the heater core, the coolant is not cooled as much as it normally would be because it
is picking up heat from the filaments. Therefore, the heater core helps to heat the air side of the
heating system.
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Figure 3 - Heater Core Model

Quick Heating Assembly
The quick heating assembly is a secondary heating component and acts as a booster
heater for the air side. It is inserted directly into the air ducts so that all the air going into the
cabin passes over these heaters and gets extra heat added to it. The quick heating assembly, as
seen below in Figure 4 consists of two separate heat exchanger boxes with a cross pattern in the
middle. This part of the heating system is contained in the air side of the heating system and only
heats the air coming into the cabin.

Figure 4 - Quick Heater Assembly
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Fan
The cabin fan as seen in Figure 5 is a squirrel cage style fan. Air comes into the fan from
the front and back and gets pushed out from the sides. This fan is used to push air through the air
side of the heating system. It forces the air through the ducting, over the quick heating assembly,
and then over the heater core before the air finally gets pushed into the cabin.

Figure 5 - Model of Fan

Pump
Seen below in Figure 6 is the main pump for the coolant side of the heating system. This
pump circulates the coolant throughout the entire coolant side of the heating system. Coolant
comes into the pump through the top cylinder seen on the figure and gets circulated around a
turbine and pushed out of the pump and through the system from the side cylinder. On the
bottom of the pump is an electrical hook up which runs the motor.
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Figure 6 - Pump Model

Preheating System
The figure below shows the current preheating system in the Generation Two Prius. This
diagram, however, does not show everything since it is a diagram of only the preheating system
which is only a section of the HVAC system. The figure shows the coolant reservoir, in red, this
component of the preheating system functions as a thermos and helps keep a certain amount of
coolant warm. When the car is started for the first time this already warm coolant gets released
at a steady rate into the coolant system, helping the coolant to heat up at a faster rate. The flow
control valve which helps control which path the coolant takes through the system, this
component is shown on the diagram in green. The control valve directs the coolant through one
of two pathways with the help of the coolant pump, shown in gray and labeled. These two paths
are shown below in Figure 7.

16

Figure 7 - Preheating System from Auto Shop 101

Project Design and Testing
The systems described above were implemented and tested by multiple techniques. The
system was simulated in two different ways. The heating devices were subjected to
mathematical modeling. This mathematical modeling tested the capability of the designed
systems to heat the cabin of the vehicle to a comfortable temperature for the given space. It was
also used to determine the output of the device, given the properties of the device. Some
calculations from this modeling were used in the implementation of the MATLab simulation.
This simulation was used to test the system’s ability to heat the cabin of the vehicle in the
appropriate amount of time. The simulation took into account the size and shape of the interior.
The simulation set boundary conditions for the exterior of the car to apply it the heating of the
interior of the car. It was also used to test the conditions within the device itself. It simulated
electricity/coolant flow through the heating devices to determine the true heat output of the
system. The detail of the system is slightly limited by the computing power of the available
software.
The information obtained from the simulations was put to use on the experimental model
of the system. This system was implemented and tested on the converted Prius. These system(s)
were tested using the same constraints as prescribed in the mathematical simulation. When this
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was performed the system(s) were evaluated and refined for the optimum result. The prototype
was simulated, tested and refined for optimum heating.

Facilities, People, and Equipment
For this design project the design team will need to test the Toyota Prius’ cold weather
fuel efficiency. The vehicle was tested outside in ambient air temperatures which were cold
enough to get accurate data. The heating of the vehicle should occur under a short enough period
of time that the change in ambient air will be minimal. The ambient air temperature was recorded
for the accuracy of each experiment performed. Thermocouple sensors were used to measure the
interior thermal layout of the Prius during testing. The plastics lab at the WMU CEAS Campus
was utilized for the implementation of components onto the vehicle.

Initial Schedule
The initial schedule for the design, simulation, building and testing of the device was best
explained by using a Gantt Chart. This chart shows a schedule of the design process and team
correspondence. As stated above, the existing Prius already has a data acquisition system
previously built into it. The data from this system is stored into a location to which all of the
design team has access. The design team will be looking at different segments of the data to
determine test and simulate conditions. There was then a period of final modifications for the
design before the system is finalized. Then the materials for the devices would be obtained,
assembled, and experimented with. The system would be modified where necessary and retested.
This resulting system will be simulated for the final results of the design. While all of this was
taking place the project paper would be prepared including the experimental and theoretical
results. Finally the presentation would be prepared from the project paper material. The time
frame for all of the above activities is shown in Table 2 as a Gantt chart.
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Table 2 - Gantt chart for the Project
Week

Winter
Break

1

2

3

4

5

6

7

8

9

10

11

12

13

14

DAQ Information
Analysis
Work Schedule
Connect Design
teams
Initial Simulation
Final Solution Constraints
Design teams - Initial
Constraints
Equipment
Refine - equipment
Elimination
Final Constraints
Combine Systems
Experiment
Finalize Simulation
Final Report
Presentation

Final Schedule
Through the course of the semester, the design team came to the conclusion that the
original schedule was not working due to the complexity of the system. The schedule was
redone to better fit the requirements and time restraints on the project. This way, the team could
keep better track of what had been accomplished and what needed to be done in a more accurate
manner. Once the schedule was redone, the design team began following the new schedule in
order to stay on track with the project. The revised schedule was done according to a weekly
break down so that the team would know what needed to be accomplished from week to week.

Budget
The overall budget for the design project on the optimization of the Toyota Prius’ HVAC
system comes from the North American DENSO Foundation and amounts to $20,000 total. The
19

money is divided in two; part of it goes towards design and experiments and the other part goes
towards the prototype. In the interests of creating an affordable solution, the design’s production
and labor costs are limited to under $1,000 for the consumer. The prototype built by the design
team will cost more than this due to purchasing existing components on the vehicle. The control
system built by the computer engineering design team is not expected to exceed $2,000. In
addition, an educational demonstration model was made to showcase the design. The final phase
of construction of this model isn’t planned until after the completion of the senior design project.

Alternative Designs
Independent Variable Electric Resistance Heaters
Before the addition of heating units to the already complex HVAC system were
considered, under-used components of the auxiliary heating system had to be evaluated as a
potential cost savings solution for the design. The vehicle already has electrical resistance
heaters to heat the occupants of the vehicle when the engine isn’t running. These heaters
however do not put out enough heat to satisfy the load required by the HVAC system without
activating the internal combustion engine. The optimization of this system could entail two
improvement plans. First the existing heaters could be improved to provide more heating to the
cabin of the vehicle. An auxiliary electrical resistance heater could be added to the existing
heater to provide the extra heat needed to fully heat the cabin. Due to the limited space under the
dash board, there would not have been enough room to add additional electric resistance heaters.
This idea was also rejected because in order to obtain the amount of heat output required, the
heaters would have drawn too much power off the car’s battery. The major reason, this design
cannot be used is because the combustion engine will continue cycle on and off in order to meet
temperature requirements of the system. These temperature requirements come from stopping
cold start emissions which would not meet the standards on emissions otherwise.

Heating Filaments inside the Heater Core
The heater core of the Prius already contains two heating filaments that act as booster
heaters for the air side of the heating system. These booster heaters are supposed to be variable,
however, they do not have any variability between being on and off when using system controls.
The design team looked into this problem in order to determine if there was any way to obtain
more variability in these heating filaments. Upon inspection of the heater core itself the area
where the heating filaments plug in has an extra space where a third heating filament could be
20

added, see Figure 8 below. Adding a third heating filament could be a potential solution for
getting heat to the passenger faster. This design was researched. Upon inspection, adding a third
heating filament to the heater core was rejected for several reasons. An extra heating filament
could not be ordered by itself; they only come with the heater core. The second reason this idea
was rejected was because in order to add the third heating filament to the heater core a lot of
machining would have had to be done the heater core. This machining would have involved
actually taking out a passage in the middle of the heater core which could have potentially ruined
the heater core. Since a typical mechanic cannot add a third heating filament, the heater core
would have to be bought brand new which would mean more manufacturing cost and purchase
price for the consumer.

Figure 8 - Heater Core with Additional Filament

Battery Heating
Heating the battery is not a direct method of heating the cabin; however, it will improve
the efficiency of electric systems during the winter. The batteries used in the vehicle operate best
at room temperature. An electrical heating system can be installed to heat the battery to keep it
around room temperature. This will increase the usage time of the pure electric mode,
consequently reducing the required usage time for the internal combustion engine. This will also
increase the efficiency of the car during the winter.
While heating the battery is a good way to get more efficiency from the car, it was not in
the scope of this particular project. However, in addition to the computer engineering team,
there was a third design team working on a project related to this one. The third design team
focused on the battery of the Generation Two Prius and was determining whether or not the
heating of the battery could be improved and if more heating would provide better efficiency
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from the battery. For this reason, in addition to the fact that heating the battery is not in this
project’s scope, heating the battery was not pursued by this design team.

Coolant Heating
The addition of components to the already existing ones can be simplified by the use of
already efficient components of the heating system and as a result lower the cost of the design.
The engine heating system already uses the heater core and excess heat from the engine to heat
the cabin of the car. This system works effectively to heat the cabin of the vehicle. When the
engine isn’t running, the system cannot produce the proper heat generation to heat the cabin of
the vehicle. In this manner a heating system can be added to control the temperature of the
coolant to maintain the heating of the vehicle. The auxiliary heating system will be operated
when the engine is not engaged, see Figure 9. The target heating temperature will be lower than
the optimal maximum operating temperature of the engine as to not engage systems for under
cooling of the engine. The heating capacity of the system will be subject to the required heating
of the cabin. This system could not be used, however, because the combustion engine is still
turning on in order to preheat the engine and stop extra emissions. This solution may provide
may provide the best overall efficiency, however, the control system within the vehicle would
need to be modified to stop the cycling of the engine. The control system is too complex to be
modified by the design team and any typical mechanic. Therefore, this system cannot be used.

Engine
Pump

Heater
Tank
Heater
Core

Radiator
Pump

Heater

T.B.
Pump

Figure 9 - Coolant System Heating Schematic
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Final Design
In order to stop the excess emission the engine starts to heat itself. If a heater were put in
parallel with the current system the engine would still be forced to start, even without the HVAC
requirements. The final design incorporates engine preheating to stop the vehicle’s systems from
starting the engine for emission requirements. This is done by using a radiator bypass to prevent
excess heat loss from the radiator. In this way the coolant is redirected so it flows through the
engine, pump, heater core and an additional heater, see Figure 10.

Block
Heater

Engine
Oil Pan
Heater

Heater
Tank

Heater
Core

Radiator
Pump

T.B.
Pump

Figure 10 - Final Design Diagram

Block Heater
Block heaters are used to heat the block of the engine. This is a supplemental heater
within the vehicle, see Figure 11. The heater will keep the engine block warm during the winter
and consequently will also keep the coolant warm. The engine cycles on and off to keep the
engine warm to counteract cold start emissions. Heating the engine prevents the system from
running the engine reducing the lowered MPG equivalency of the vehicle. This component was
put on the car because of its positive effect on the system as well as its easy installation and it is
completely electrical. The overall effect on the system is the reduced number of times the engine
cycles on and off.
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Figure 11 - Block Heater (Prius Accessory)

Oil Pan Heater
The purpose of an oil pan heater is the same as the block heater. It directly heats the oil in
the engine, see Figure 12. Again this can be used to enhance the heating system to improve
efficiency. The difference is that the oil pan heater, as its name suggests is inserted directly into
the oil pan of the car. This heater will heat the oil to keep the engine warm and improve the
overall heating of the vehicle. This component was chosen as a solution and implemented into
the current system for similar reasons to the block heater. The oil pan heater met all the
requirements for a possible solution; it was electrically based, had low cost, and improved the
preheating of the engine. With this component added onto the preheating system, the engine is
preheated to an even warmer temperature resulting in less run time for the combustion engine.

Figure 12 - Picture of Oil Pan Heater (Amazon) (Kat’s)
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Combining the Heating Elements into a Single System
The items discussed above were chosen to be implemented into the system. However,
one of them by itself does not provide enough preheating to the system to prevent the
combustion engine from coming on. In order to obtain the most effective solution, the design
team decided to combine the components chosen. By doing this, a greater amount of preheating
is available to the engine and will help prevent the combustion engine from coming on as often.
However, even with the chosen components combined, there is not enough preheating to keep
the combustion engine off all the time. In order to keep the combustion engine off all the time,
more preheating elements will be needed.

MATLab Program
In order to determine if the prototype is an accurate model, the design team also wrote a
MATLab program. This program was written in order to simulate the current heating system in
the Generation Two Prius. However, the MATLab software, as well as the known data about the
current heating system is limited. Therefore, when the design team was writing the program
code for the MATLab simulation, it was written so that the heating system would be seen as a
simplified system. Doing this allowed the design team to write a program with the limited
amount of data that was known. The simplifications of the system still allow the main effects on
the system to be taken into account during the simulation.
The equations for the program take into account all of the thermal and mixing effects
within the system. Within the system there are two loops that take place simultaneously; the air
and coolant cycles. See Figure 13 for the system diagram. In the diagram Pink represent the
coolant side and green the air side; the red elements are components the add heat to the system
and the blue take heat from the system. The coolant side circulates through the engine which is
heated by the block heater and oil pan heater. These elements heat the engine and in-turn supply
heating to the coolant. The coolant then circulates through the heater core transferring the heat to
the air passing through the heater core. The air side starts at the fan which forces air over the
Quick Heater Assembly, which is one of the electrical heaters that heat the air. The air then
passes over the heater core. At this point there are two sources of heat transferred to the air. The
first is from the heated coolant and the second is from the 165 Watt filament heaters. The air then
passes into the cabin of the vehicle and mixes with the air inside of the vehicle followed by a
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small loss of heat through the windows. The system then pulls air from the cabin into the fan
system and continues to cycle the air through the system.

Heated Air
Mix in Cabin

Cabin
Window Heat
Loss

Block Heater

Cabin
Oil Pan
Heater

Coolant
Heating

Heater Core
Electrical
Filements

Quick Heating
Asembly
*Additional
Heater

Fan

Figure 13 - Diagram of Program Loops

The MATLab simulation for the heating system consists of two overlapping systems. The
first section involves the coolant side of the simulated heating system, while the second system
involves the air circulating through heating elements and the cabin. These two sections overlap at
the heater core, a heat exchanger responsible for a large part of cabin heating. The first part of
the MATLab code includes general inputs, geometrical calculations of the system, physical
properties, and thermodynamic characteristics. These calculations detail the various
thermodynamic properties and initial temperatures for the simulation. The remainder of the code
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uses a nested “while” loop within an “if” statement. The purpose of the “if” statement is to abort
the simulation if the starting temperatures are too high, above 294 K (70oF), and the “while” loop
in the simulation runs through the heating cycle until it reaches the target temperature of 294 K
(70oF). Inserting three plot commands into the while loop allows observation of the change in
temperature over time as the coolant and cabin air temperatures rise. The data was then plotted in
three graphs. The first Figure 14 is of the entire system. The second Figure 15 is the coolant
system alone, and the last Figure 16 showing the air system.
Simulation Results
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Figure 14 - Cumulative Simulation Results
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Simulation Coolant Results
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Figure 15 - Simulation vs. Experimental Results, Coolant Side
Simulation Air Results
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Figure 16 - Simulation vs. Experimental Results, Air Side

Experimental Model – Prototype
In order to determine whether or not the design team’s proposed solution and design
would be accurate, a prototype of the current heating system in the Generation Two Prius was
constructed. Having the prototype also allowed the design team to perform experimental testing
on individual components in the system, which would not be possible in the car itself. Testing
components individually allowed the design team to determine which of them were the most
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effective in heating the system. Seen below in Figure 17 is the general diagram for the
prototype. This diagram allows for a better visualization of how the prototype will run. As can
be seen by the arrows and color indications, the prototype functions as follows.
Electrical
Resistance
Heaters

Heater
Core

Coolant
Reservoir

Quick
Heater
Assembly
Fan

Heater
Core
Inlet

Heater
Core
Outlet

Radiator
By-Pass

Heater to
Simulate
Engine
Heating

Flow Meter

Pump

Figure 17 - Flow Diagram of the Prototype

First, the coolant side of the heating system on the prototype will be discussed. The
coolant is pulled from the reservoir down into the pump which in turn circulates it through the
rest of the coolant system. After the pump, the coolant flows through a flow meter which allows
the design team to observe the flow rate of coolant through the system. Next, the coolant goes
through the Kat’s heater which simulates engine heat, this will be discussed in detail later. As
can be seen in the diagram when the coolant flows through this heater, it receives all of its
heating, this is shown by the change in colors from blue to red (blue being cold and red being
hot). Once through the engine heat simulator, the coolant flows through the heater core where it
is cooled back down, once again shown by a color change although from red to blue this time.
After the heater core, the coolant goes back into the pump and simply circulates through the
system over and over again.
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The air side of the heating system on the prototype is kept separated from the coolant side
by placing all components for it at the top of the prototype. Shown in the diagram above from
right to left are the fan which pushes air through the ducting, the quick heating assembly which
gives initial heating to the air, and finally the heater core which provides the majority of the heat
with the electrical resistance heating filaments; shown in the diagram as a purple/red strip on the
heater core. As can be seen, the fan pushes ambient temperature air down the ducting and over
the quick heater assembly which heats the air shown in the diagram as a change in color from
blue to purple. After the quick heating assembly the air gets heated, to its final temperature
before entering the cabin by the heater core, once again shown by a color change from purple to
red. The air going over the heater core gets heated both by the electrical resistance heaters as
well as the hot coolant flowing through the heater core. As a result, since the air is pulling heat
from the coolant, the air flowing over the heater core also helps cool down the coolant.

Building the prototype
Additional Parts Used
In addition to the components discussed in the current system portion of this paper, the
design team also utilized some additional components on the prototype. These components can
be seen below in Figures 18-20. The first component as seen in Figure 18 is the Kat’s coolant
heater. This component was used in the prototype in order to simulate the engine heat, the block
heater, and the oil pan heater. Coolant gets pushed through this heater by the pump and this is
the first component the coolant flows through in the prototype. Placing the Kat’s heater where it
is in the prototype is very accurate to the actual system since in the actual system, the coolant is
initially heated by the engine as well as block and oil pan heater.
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Figure 18 - Kats Heater to Simulate Engine Heating

The second component the design team utilized was a flow meter purchased from
Grainger and can be seen below in Figure 19. The flow meter was placed right after the outlet of
the pump on the prototype, this is important because it allowed the design team to observe the
flow rate of the pump. Knowing the flow rate of the pump was necessary in order to accurately
run the simulation model.

Figure 19 - Volume Flow Meter Purchased from Grainger

Finally, the design team made duct work for the air side of the heating system on the
prototype. The 3-D model of the duct work can be seen below in Figure 20. At the right side of
the diagram, a circular shape can be seen; this is the housing that was built for the fan to help
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funnel the air down the rest of the ducting. After this the straight, cylindrical piece on the
diagram represents the air ducting and the slot that is missing towards the back is where the
quick heating assembly was inserted on the prototype. Finally at the far left of the diagram is a
piece of ducting that funnels out into a square; this is what houses the heater core. This piece of
the duct work also helps insure that the air from the fan goes over the entire heater core.

Figure 20 - Prototype Air Ducts

Fabrication
A piece of plywood was used to stabilize and position the model components for the
prototype of the HVAC system for the Toyota Prius. The plywood was cut and drilled to allow
parts of prototype to fit in proper locations. The components were mounted into place using a
power drill. Duct work was then cut and screwed onto components to create the duct work of the
prototype. The coolant system will then be braced onto the plywood. A proper base was then
constructed from more plywood and 2x4s see Figure 21 for layout.

Figure 21 - Front of Base (Left) and Back of Base (Right)
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Assembly
In order to make this prototype, parts for the HVAC system were ordered from MetroToyota. The design team constructed a mobile wooden display base on which to mount the
HVAC system prototype to. The mock-up will be able to demonstrate air and coolant flow
interactions within a Toyota Prius for educational purposes. The completed prototype will be
mobile for the ease of display.

Figure 22 - Prototype Assembly

The components have been and will be implemented on the converted Toyota PHEV
Prius. Experiments will be performed using the Prius to ensure real world applicability. This will
also facilitate testing of combined thermal and electrical components as well as flawless
integration with the designed control system.

Technical Drawings
Detailed drawings were completed using the computer aided design software Inventor.
This software allows for detailed 3-D models to be made for each component on the system. In
addition to being used for modeling this software was used during most parts of the design
process. The models created were made to allow for easy modifications as the design changed
throughout the course of the project.
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Experimental Processes
In order to verify that the prototype that the design team made is accurate, and a good
indication of what will happen within the heating system itself, the design team had to perform
experimental testing on the prototype. The design team decided to test the prototype outside in
40o Fahrenheit and 50o Fahrenheit temperatures. These two temperatures allowed for data to be
gathered for a slightly colder day (40o Fahrenheit) and for a day where it is around the middle
range of temperatures (50o Fahrenheit). In order to gather enough data, the design team decided
to make an excel table to write down all the observed temperatures. During the experimental
testing, temperatures were taken using multi-meters as seen in the figure below. Each multimeter came with a thermocouple attachment which allowed the design team to insert them into
the coolant side and air side of the prototype in order to obtain temperatures from both parts of
the heating system. Holes were poked in key positions of the coolant and air sides of the system
in order to insert the thermocouples into these places and obtain the required data.

Figure 23 - Millimeter (Left) and Thermocouple (Right) used (Lowes), (Cable Organizer)

Once the holes were placed in the system, the project team set the prototype up outside
for each test in order to test in the required ambient temperatures discussed above. The design
team used a printed copy of the excel sheet for each individual experiment as well as a
stopwatch. With the stopwatch, temperatures were read from the multi-meters in ten second
intervals until the system reached an approximate steady state. Once steady state was achieved,
the design team decided to record data in ten second intervals for the cooling down of the system
which was done by running only the coolant pump and the cabin fan. The main reason the
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design team took data on the cooling down of the system was to see how long it took. However,
since the system usually cools down without the aid of anything but the ambient temperature
outside of the car, the initial temperatures would have been reached in a longer amount of time
instead of the shorter amount of time it took during the experiment.
In addition to performing the experimental tests on the coolant and air sides of the
system, with all the heating components running, the design team also decided to perform a
series of other tests. These tests consisted of turning on only specific heating elements in the
separate systems in order to see which ones had the most affect in heating the air coming into the
cabin. Four tests were run for this series of tests, two on the coolant side and two on the air side.
The tests on the coolant side consisted of an experiment where only the engine heat simulator
was running and an experiment where both the engine heat simulator and the heater core were
running. Similarly the tests on the air side of the system were as follows; one experiment was
performed with just the electric heating filaments on the heater core running and the other
experiment was performed with both these heating filaments and the quick heating assembly
running. Data for these four experiments was also taken in ten second intervals. In addition to
this, the design team also allowed the system to reach a steady state and then cool off just like the
two main experiments described in the previous paragraph.

Output from Prototype
Shown below in Figures 24-27 are the graphs of the experimental data from the 40 and 50
degree Fahrenheit days respectively. As can be seen in the graphs, the system levels off into a
steady state response at which point it is allowed to sit for approximately forty seconds before
the pump and fan are run on their own to cool off the system. This forty second gap in between
the heating up and cooling down cycles is represented by the small space in the graph between
the heating up cycle and the cooling down cycle.
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Figure 24 - Experimental Data for 40 Degrees, Coolant Side
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Figure 25 - Experimental Data for 40 Degrees, Air Side
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Figure 26 - Experimental Data for 50 Degrees, Coolant Side

50 Degrees - Air Side Data

30

86

Axis Title

74

20

68
62

15

56

10

50
44

5

Temp. Fahrenheit

80

25

38

0

32
0.00

1.50

3.00

4.50

6.00

7.50

9.00

Axis Title
Before H.C. Coolant

After QHA

Cabin Entrance Temp.

.

Figure 27 - Experimental Data for 50 Degrees, Air Side

As can be seen when comparing Figure 24 and 26, there is one more set of data in Figure
26. The reason for this is because when the experiment for the 40o Fahrenheit day was
performed, the design team could only get three of the four multi-meters to work whereas on the
50o Fahrenheit day, all four multi-meters were working so one more set of data was able to be
taken. Since only three multi-meters were functioning for the 40o F experimental testing, the
design team decided to take the three most important temperatures for confirming that the
prototype was an accurate model. However, having all four multi-meters working for the 50o F
day was very beneficial because the design team was able to see a relation between the coolant
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temperature and the air temperature entering the cabin. The slight increase in temperature
between the coolant and the cabin air can be explained by the fact that Figure 18 is experimental
data from the coolant side of the system but the thermocouple sensor for the cabin entrance
temperature was inserted in the air side of the system after the heater core. This is the reason for
the slight increase of temperature due to the fact that since the thermocouple is placed after the
heater core on the air side, the sensor is reading the air temperature after it has been heated up a
little bit by the electric heating filaments on the heater core.
In addition to performing the two main experiments discussed above, the design team
also decided to perform four additional experiments which are discussed in the experimental
processes portion of the paper. Two of these experiments focused on the coolant side and two of
them focused on the air side. The two experiments on the coolant side, as discussed earlier, were
performed as follows; one with just the engine heat simulator running and the other with both the
engine heat simulator and the heater core running. The results of these experiments can be seen
below in Figure 28 and 29 respectively. On the air side, the two experiments we performed as
follows; one was performed with just the heater core running, which includes the electric heating
filaments, and the other experiment was performed with both the heater core and quick heating
assembly running. The results for these two experiments can also be seen below in Figures 30
and 31 respectively.
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Figure 28 - Experimental Data for Engine Heat Simulator Only
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Figure 30 - Experimental Data for Heater Core Electric Filaments Only
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Figure 31 - Experimental Data for Filaments and Quick Heating Assembly

As can be seen in Figure 28 and 29 above, the simulator for the current pre-heating
components is providing most of the heat to the coolant side of the heating system. This is
evident because in Figure 29 where both the simulator and the heater core are running, the heater
core appears to only add a three degree Celsius increase to the heat coming into the cabin.
However, when the two graphs from the air side are compared to each other it is obvious that the
heater core’s electric heating filaments are doing the almost all the heating for the air side of the
system. This can be seen when comparing Figure 30 to Figure 31 because in Figure 31, while
the temperature seems to be around 14 degrees Celsius more frequently, it does not actually get
any higher than 14 degrees Celsius, which was the maximum value in Figure 30 where only the
heater core’s electric heating filaments were on. This observation leads the design team to
determine that the heating filaments on the heater core are doing almost all the heating in the air
side of the system and that the quick heating assembly is more of a stabilizing heater to help the
heater core. However, the design team also observes that in the duct work of the actual
Generation Two Prius, the quick heating assembly is confined to a much smaller area which
forces all the air flowing through the ducting over the heating elements of the quick heating
assembly. This leads the design team to theorize that in the actual system this particular
component has a more significant effect that can be easily seen if the data were able to be plotted
separately.
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While comparing the graphs for the separate heating systems to each other was extremely
helpful in figuring out which components did the most heating in the system, the design team
also compared the overall graphs for the coolant side to the overall graphs of the air side. These
two graphs are seen above in Figures 29 and 31. When looking at these two graphs, Figure 29
shows the main components of the coolant side combined and Figure 31 shows the main
components of the air side combined. Comparing these two graphs led the design team to
determine that the coolant side of the heating system provides more heating for the cabin air than
the air side of the heating system does. This conclusion was reached after the design team
noticed that with only the coolant side of the system running, the cabin air temperature was about
23 degrees Celsius while when just the air side of the system runs, the cabin air temperature is
only about 14 degrees Celsius. This observation helps to further prove that the design team was
correct in choosing the final solution, an additional coolant heater to help further preheat the
coolant in the engine.

Comparison of Grid Point Outputs and Experimental Results
In order to determine if the prototype was an accurate model of the Generation Two
Prius’ heating system, the design team found data on the Grid Point© website that corresponded
to 50 degree Fahrenheit day; the comparison data was taken from March 28, 2012. Once the
data was pulled off Grid Point© the design team decided that the data that should be compared to
the prototype was the data obtained when the care was being run for the second or third time.
Doing this insured that the coolant temperature would not be jumping around due to the
combustion engine turning off and on during the first run of the day. The data was formatted
correctly and then copied and pasted into the experimental excel data sheet. Once the data was
all on the same sheet, the design team graphed the experimental data versus the Grid Point© data
on the same graph. The resulting graphs can be seen below in Figures 32 and 33.
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Figure 33 - Comparison Between Experimental and Grid Point ©, Air Side

In these two graphs, it is important to note what sets of data are being compared to each
other to prove that the prototype is an accurate model. The two sets of data being compared on
the coolant side are the After H.C. data (After Heater Core), seen in green and the Grid Point©
data seen in yellow. On the air side, the two sets of data being compared are the cabin entrance
temperature, seen in purple, and the Grid Point© data seen in yellow. The reason these two sets
of data are compared is because they both refer to the final temperatures after the heater core in
both sides of heating system. As can be seen in Figure 32, the Grid Point© data is graphed with
42

respect to the right hand axis because this data is seeing the actual temperature from the engine
and combined heating units so it is significantly warmer than the data from the experiment,
especially on the coolant side of the system. The reason for this is because the prototype is only
simulating the preheating elements. The engine itself introduces more heat into the system
making the temperatures higher, however, the Grid Point© data gives an accurate measurement
of how the system pre-heats. Therefore, the design team graphed the Grid Point© data with
respect to the right hand axis so it could be compared easier to the experimental data. Looking at
the two graphs it can be seen that the data off of Grid Point© is directly correlated to the data
gathered by the experiment. In Figure 32, it can be seen that the coolant curves are very similar
and has a low percent error between the Grid Point© data and the experimental data if similar
temperatures were being seen. This means that the prototype designed by the design team is a
very accurate model of the coolant side of the heating system in the Generation Two Prius.
The data in Figure 33, however, must be compared in a different manner. As can be seen
from the graph, the Grid Point© data for the air temperature inside the cabin is also graphed in
yellow. According to the Grid Point© data the cabin air has an initial temperature of about 20
degrees Celsius. This phenomenon can be explained two ways. First, the car had already been
run earlier in the day, approximately a half hour before the data for the comparison so there may
have been residual heat in the cabin from the earlier run. The second reason, and the more likely
of the two, is that the sensor for the cabin air temperature is placed in the back of the car by the
battery which holds heat a lot longer than the actual air of the car. This is one of the reasons for
the initial temperature because the sensor is picking up residual heat from the battery. After the
initial 30-45 seconds, however, it can be seen in Figure 33 that after this amount of time, the
Grid Point© curve for the air side of the heating system once again is a direct correlation to the
curve for the experimental data. Once again, the graph for the air side of the heating system
helps prove that the designed prototype is a very accurate model.

Comparison of Simulation and Experimental Results
In order to determine if the simulation was an accurate model, the design team decided to
compare the now proven accurate experimental data with the data and graphs obtained from the
MATLab program. The resulting graphs can be seen below in Figures 34 and 35.

43

Simulation Coolant Results
25

Temperature (Celsius)

20

× Before H.C. - Coolant
+ After H.C. - Coolant
▪▪ Experimental Data

15

10

5

0

0

0.2

0.4

0.6
0.8
Time (minutes)

1

1.2

1.4

Figure 34 - Simulation, Experimental, and Grid Point© Comparison, Coolant Side
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Figure 35 - Simulation, Experimental, and Grid Point© Comparison, Air Side

These graphs show comparisons between the coolant and air sides of the heating system
for the simulations and experimental results. The graph that was used to compare the coolant
side data was Figure 34; likewise, the graph used to compare the air side was Figure 35.
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The first set of data compared to each other was the data for the coolant side. The data
shown in Figure 34 is just the data from the simulation. This graph was altered by adding a third
set of data, the experimental data. As can be seen from this figure there is a very close
correlation between the simulated data and the experimental data. This meant that the simulation
was accurate for the coolant side of the heating system.
After comparing the coolant side of the heating system, the design team also compared
the results from the air side of the system. The graph for this can be seen in Figure 35. Once
again the graph was altered by adding the experimental data to the same set of axes. Again, there
was a correlation in between the two sets of data. The correlation between the simulated data
and the experimental data was not as close as it was with the coolant side, however since the
simulated data adequately matched the experimental data the design team decided that this
correlation was okay because the simulation could not take into account the outside interference
seen on the experiment.

Results for MPG Equivalency
In order to confirm that the pre-heating components added to the heating system help
improve the MPG equivalency of the vehicle, the MPG equivalency of the vehicle for the before
and after the pre-heating components were added was compared to find the improvement. The
trip data from Grid Point was gathered; the distance traveled in miles as well as the initial and
final percent levels of the gas tank. Once this was known, the difference in percent levels of the
fuel tank and multiplied the resulting percent by the size of the fuel tank (11 gallons). Now the
number of gallons used in each trip was known. The distance traveled was also found in miles
by converting from meters to miles. With these known, the number of miles traveled during the
specific trip was divided by the number of gallons used in order to get MPG equivalency for the
trip. The MPG equivalency figured out for the vehicle after the pre-heating components were
added was approximately 51% greater than the MPG equivalency for the vehicle without any
pre-heating components. This confirms that pre-heating the engine greatly improved the MPG
equivalency of the car.

Proposed Future Solution - Coolant Heater
Along with the prototype and simulation, the design team also made a proposed solution
for the problem posed in this project. This proposed solution involves adding a coolant heater to
the coolant side of the heating system. This coolant heater was proposed for several reasons.
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The first of those reasons was because it was theorized before the experiment that the coolant
side of the heating system provided the most heat. Now, with the experimental and simulation
data confirming that adding additional heater to the coolant side would be the better solution for
this project.
The proposed coolant heater is a Kat’s 1500 watt coolant heater. This specific heater was
chosen because it could provide the amount of extra heat needed in the coolant system. The
coolant heater was not placed on the vehicle due to time constraints. Once the specifics of the
coolant heater were known, the simulation model was programmed with the additional coolant
heater. The MATLab program was run again and the resulting data can be seen in the graph
below.
Simulation Coolant Results
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Figure 36 – Simulation, Current System (left), Simulation with Additional Coolant Heater (right)

This was done to confirm that the coolant heater worked without having the component placed
on the vehicle.
In order to confirm that the additional Kat’s coolant heater is an effective solution, the
design team compared the data shown in the figure above which shows the simulation of the
current system, on the left, and the simulation with the additional coolant heater on the right. As
can be seen in these two graphs, with the additional coolant heater added the system heats up
faster and levels out to a significantly warmer temperature. This data confirmed that the
additional coolant heater did make a difference in the amount of heat provided to the coolant and
46

subsequently to the entire heating system. Pre-heating the engine improves the MPG
equivalency of the car, adding this coolant heater will improve the equivalency even more.

Conclusions
From all the gathered data, the design team can draw several conclusions. The main
conclusion that can be drawn is that pre-heating the engine is an effective way to improve the
MPG equivalency of the Plug-in Hybrid Electric Vehicle. This conclusion is able to be reached
because of the significant increase in MPG equivalence seen when pre-heating components were
added to the car as opposed to when there were no pre-heating components. Being able to draw
this conclusion also confirms that the design team’s proposed solution of an additional coolant
heater will increase the MPG equivalency even more in colder weather. Another conclusion that
can be drawn is that, as a result of pre-heating the engine more, more heat will be provided to the
passenger. Even though this was not a main goal of this project, it is a very good side effect.

Recommendations
There are many suggestions that the design team could make for future progress on this
particular project. The first suggestion is that the proposed solution of an additional heater could
actually be installed on the Prius’ heating system which due to time constraints was not done.
Figure 36 below, shows where the additional heater needs to be placed in the current system.

Block
Heater

Additional
Heater

Engine
Oil Pan
Heater

Heater
Tank

Heater
Core

Radiator
Pump

T.B.
Pump

Figure 37 - Recommended Solution
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Another idea for future progress on the project is to have either the current design team or
another one build a prototype that uses the actual housings in the current system. This would
entail going to junk yards in order to acquire the actual housing for the heating system since the
housing cannot be ordered separately from a dealer. With the housings for the heating system a
prototype could be constructed and additional experiments could be done in order to determine if
the new prototype was as accurate as or more accurate than the current one. In addition to
acquiring the housings, more parts for the prototype could also be obtained. With the current
components on the prototype, the block heater, and the oil pan heater are only being simulated.
Another item that should be acquired for the prototype is a Kat’s coolant heater like the one for
the proposed solution. Adding this to the prototype would be beneficial because the proposed
solution could be tested on the prototype before being implemented into the actual heating
system.
With the items discussed above added onto the prototype another recommendation for
future work on this project is more experimental testing. Two different types of experimental
testing could be done. Given the fact that the winter of 2011-2012 did not get cold, and also
given the time constraints of the project, this design team was limited to testing the prototype on
a 40 and 50 degree Fahrenheit day. Therefore, the first type of additional testing that should be
done is during colder temperatures which would be beneficial so that observations could be made
on how the prototype behaves on these days. If the additional component was added, a design
team could also do testing on individual components of the prototype again in order to see which
ones now provide the most heat to the system. This would allow a design team to see how
effective the preheating components are. The second experimental test that this design team
would recommend is to test the new MPG equivalency with the Kat’s coolant heater installed on
the vehicle. Since the coolant heater is not currently installed, there is no way to predict how
much it will help improve the MPG equivalency. A future design team could obtain data from
Grid Point© in order to see how much the additional coolant heater improves MPG equivalency.
The last recommendation for future progress is that more information be obtained on
whether or not the engine could be kept from turning on. This could be accomplished by reprogramming the systems on the Prius in order to force the combustion engine to not turn on.
Pursuing this option would obtain the result of having the combustion engine never turn on
again; however, it may not be possible to re-program the current system in such a way. This
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would increase the miles per gallon equivalency of the vehicle in colder weather which is the
main goal of this project.
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Appendix A - Personnel
Jessica Hartl
Assets: Solid modeling, FEA analysis, oral communication, public speaking, leadership abilities,
drafting skills, and prior project experience
Asset Benefits: Solid modeling and FEA analysis skills will be used to theoretically implement
proposed solutions to obtain the optimized solution. Public Speaking and oral communication
will be used during presentations as well as working with company representative on the project.
Prior Project experience and leaderships skills helped guide the project in the right direction and
ensure the goals are met in a timely manner. Finally drafting skills provided a professional edge
to the project presentation and report.

Leslie Whitman
Assets: Experience with HVAC systems, people skills, oral communication, and writing skills
Asset Benefits: Experience with large scale HVAC systems during an internship will provide
great knowledge and a bit of intuition on implementing HVAC systems. As stated previously,
people skills and oral communication will be used during presentations as well as working with
company representative on the project. Writing skills will become very important when writing
the reports and presentation by providing a greater depth of understanding and professionalism.

Rory Gallup
Assets: Creative design, solid modeling and MATLab proficiency.
Asset Benefits: Creative design will provide a sort of “outside the box” look at alternative
solutions. This yields a larger variety of solution to be explored as well as alternatives to
implementing designed solutions. Solid modeling and MATLab proficiency will be used to
determine the optimized solution and provide informative graphical representations of the
designed system. Prior experience with carpentry and the Projects lab will prove beneficial to
the construction of the HVAC system mock-up.

Dr. John Patten
Assets: PHEV Prius, Conversion to PHEV, Prius systems knowledge
Asset Benefits: Design team will use the pruis for experiments. Provide exct information on
what the conversion process was and how the systems may have been changed. Knowledge on
Prius will help guide design team in right direction.
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Dr. HoSung Lee
Asset: extensive Knowledge on thermoelectric.
Asset Benefits: Provide Helpful guidance with thermo electric components and overall design.

Computer Science Design Team
Asset: Extensive knowledge in computer programming
Asset Benefits: They will build and design the control system to control the heating system.
They will also integrate existing electrical system with new control system. Design remote
starting system.

Brad Brodie
Asset: Denso Representative
Asset Benefits: Provide unknown information only obtainable through Denso. Guidance on
Denso’s expectations and facilitator to Denso’s requirements.

Andrew Gabriel
Assets: Worked on original modification of the Prius to convert it to a plug in and a chemical
engineer
Asset Benefits: Provide insight into the conversion of the Prius to be plug in. Reference if
needed.
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Appendix C- MATLab Program Calculations
All material properties taken at 300K unless otherwise specified (Incropera)

Engine Heating Devices:
Block Heater Power
Oil Heater Power
Heat Transfer Area of Block Heater
Heat Transfer Area of Oil Pan Heater
Each heating device is transferring heat through conduction:
Ending Temp of Engine

Engine Coolant:
The true pathways of the engine cannot be fully simulated or truly approximated. So the engine
heating and circulation of the coolant is completed using a block of material being heated by two
circular passageways using the approximate area found in the passageways through the actual
engine.

Length of Engine
Area of Tube
Velocity of Coolant
Figure 38 - Engine Simulation Diagram

**assumed turbulent due to non-straight passages through engine will force all flow throught the
engine to be turbulent. So Red ≥ 2300
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Coolant Heater
This is the heater to be placed in the coolant line.

Figure 39 - Coolant Heater
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Heater Core
Heater Core is modeled after a Fin-Tube Continuous Plate Heat Exchanger.

Figure 40 - Heater Core Fin Diagram

Figure 41 - Hydraulic Diameter Conversion
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Fan
The fan circulates air through the cabin of the vehicle.

Quick Heating Assembly

Figure 42 - Quick Heater Assembly
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Heater Core
Using information obtained from Heater Core section above.

Cabin Mixing
The air is mixed at a rate per second. The engine temperature is calculated by a weighted average
of the volume per second into the cabin and volume in the cabin.

Window Heat Loss
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Appendix D- Grid Point Graphs
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Dec 11, 2009 Temperature Data
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Dec 12, 2009 Temperature Data
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Dec 13, 2009 Temperature Data
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Dec 14, 2009 Temperature Data
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Dec 20, 2009 Temperature Data
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Jan 7, 2010 Temperature Data for Second Start
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Jan 9, 2010 Temperature Data
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Dec. 15, 2011 Temp. Data
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Appendix E- ABET
Assessment of Student Outcome #5
1. This project involved the design of a: system/ component/ process, Description:
This project involved the design of a component which would be used in order to provide
more pre-heating to the coolant side of the heating system in a 2004, Generation Two
Toyota Prius.
2. The need:
The need for the project is that right now, the combustion engine turns on in order to heat
the engine. This is done in order to meet the emissions requirements for the environment.
Therefore, the need for this project is that with more pre-heating available for the engine,
the combustion engine will not need to turn on as often , and when it does turn on, it will
not remain on as long as it normally would.
3. The constraints (Explain and justify any constraint that was relevant to the project. At
least three constraints must be addressed)
a). Economic
One of the constraints on the project was economic. This is because with the added
coolant heater will keep the times the combustion engine comes on to a minimum which
will help the owner save money on gas.
b). Environmental
Another constraint on the project was environmental because right now, the combustion
engine turns on in order to help the vehicle meet emissions regulations. This constraint
meant that the proposed solution could not violate any emissions regulations.
c). Health & Safety
This was a constraint on the project because right now, the passenger in the car is not
getting enough heat. Since the car takes so long to heat up, the passenger could get cold
which could increase the chances of the passenger getting sick.

4. Is there a potential for a new patent in your design? Explain and compare with related
patents.
No, there is not a chance for a new patent with this project. Any rights belong to the
North American DENSO foundation.
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Assessment of Student Outcome #9
1. Why is the project needed now?
This project is needed now because it has been a standing problem with the Prius for a
number of years. Therefore, a solution must be found in order to provide more preheating to the engine, and therefore provide more heat to the passenger.

2. Describe any new technologies and recent innovations utilized to complete this project.
No new technologies or innovations were used to complete this project. Any technology
or innovation has been around for at least a couple of years.

3. If this project is done for a company – how will it expand their potential markets? (how
will it improve satisfaction of the company’s existing customers).
This project was done for the North American DENSO Foundation. Doing this project
should expand the company’s potential markets into a colder climate area. It will also
improve the current customer’s satisfaction with the company’s product because more
heating will be being provided to the customer.

4. How did you address any safety and/or legal issues pertaining to this project?
There are not any safety or legal issues pertaining to this project.

5. Are there any new standards or regulations in the horizon that could impact the
development of this project?
The only new standards that could possibly effect the future development of this project
are possible new regulations/standards on emissions from vehicles.

6. Is there a potential for a new patent in your design? Please document related patents.
No, there is not a chance for a new patent with this project. Any rights belong to the
North American DENSO foundation.

81

Assessment of Student Outcome #12
1. Is this project useful outside of the United States? Describe why it is or is not, provide
details.
Yes, this project could be useful outside of the United States. This is because fixing the
heating problem would make the vehicle marketable in colder areas of the world.
Another reason this project could be useful outside the United States is because, the
proposed solution could be used on other vehicles with the same problem that may be
being used only in certain areas of the world.

2. Does your project comply with US and/or international standards or regulations? Which
standards are applicable?
Yes, our project agrees with any standards or regulations; the project will even help the
Prius meet the regulations on emissions easier.

3. Is this project restricted in its application to specific markets or communities? To which
markets or communities?
The project is restricted to the vehicle market because the proposed solution is designed
to help pre-heat the engine of the Prius.

4. If the answer to any of the following is positive, explain how and, where relevant, what
were your actions to address the issues? Design is focused on serving human needs.
Design also can either negatively or positively influence quality of life. Address the
impact of your project on the following areas.
a). Air quality
This project has the potential to help the quality of air because it will help the vehicle
meet the regulations on emissions.
b).Water quality
No impact
c).Food
No impact
d). Noise level
No impact
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e).Human health
The project will have a positive impact on human health because the passenger in the
vehicle will be getting more heat at a faster rate. This will help prevent illness.
f). Wildlife
No impact
g).Vegetation
No impact
h).Human interaction
No impact
i). Well being
This project will help the well being of the customers in two ways. First, it will help
them financially since they won’t be spending as much money on gas. The second way it
will positively impact well being is by helping heat the vehicle more effectively.
j). Safety
No impact
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Assessment of Student Outcome #13
1. List the skills you needed to execute your responsibilities on the project as outlined ME
479. Do this for each team member.
Jessica Hartl – Used skills in 3-D modeling software as well as writing skills in order to
write the report. In addition to this, used past knowledge in thermodynamics to formulate
all needed equations.
Leslie Whitman – Used skills in writing to write the project paper as well as the
presentation. Additional skills from past experience with HVAC were also used.
Rory Gallup – Used skills with MATLab software in order to write a program for a
simulation of the HVAC system. Also used skills with wood-working in order to build
the frame and additional pieces of the prototype.

2. List how you gained the requisite skill, or enhanced your existing skill, to the benefit of
your design team and the project.
Jessica Hartl – Improved skills with 3-D modeling software which benefitted the team
when the model of the prototype was created. Also improved knowledge in
thermodynamics which helped the project because accurate equations were found for the
simulation.
Leslie Whitman – Improved writing skills which was beneficial when writing the paper as
well as the presentation.
Rory Gallup – Improved skills with MATLab which was very beneficial because it
ensured that the simulation program was accurately written and worked correctly.
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